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Abstract 
The observation of sea ice, including ice of 
land-origin, was carried out by the Second 
Japanese Antarctic Research Expedition on 
board the '' Soya '', expedition ship to An­
tarctica, during December 1957 and February 
1958. 
The data obtained were not enough to com­
ment on problems of sea ice, because the visual 
range was limited and the ship was ice-locked 
and drifted with the ice for 47 days. 
The results of the observations and some 
considerations are as follows : 
1) Outline of observation An iceberg 
was encountered at S8 °48'S, 39 °00'E on 17 th 
of December 1957 for the first time, and the 
ship arrived at the ice edge at 62° SO'S, 53°00'E 
on 20 th of December 1957. The observation 
of sea ice was begun by 16 observers on that 
day. 
The observations included 1) visual observa­
tion, 2) measurement of ice drift, 3) measure­
ment of thickness of ice and 4) observation of 
the motion of ice floes, especially that caused 
by the waves existing in pack ice region. 
2) Visual observation of ice condition 
I) lcE CHART The ice conditions obtained 
by visual observation with the aid of a marine 
radar and a optical range-finder are compiled 
in the Ice Chart (Fig. 2). The Ice Chart does 
not represent the ice conditions at any given 
time, but shows the ice conditions around the 
ship, for the ship had drifted with the ice from 
off Prince Olav Coast to off Riiser-Larsen 
Peninsula. 
II) BOUNDARY OF PACK ICE The ice edges 
confirmed are as follows : 
Table 1. 
Date Latitude Longitude 
Dec. 20, 1957 62° SO'S 53°00'E 
Feb. 6, 1958 67 46 31 22 
Feb. 8, 1958 67 43 39 18 
Feb. 23, 1958 67 53 39 31 
The ice edge on 20 th of December 1957 was 
very indistinct and lay far north (about 180 
nautical miles off the coast) in comparison with 
last year (Jan. 19 57). By the last decade of 
February 1958, the boundary of pack ice was 
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receding to the south over SO nautical miles, 
and the edge became much distinguishable. 
III) OTHER ICE CONDITIONS The amount 
of ice was almost 8/10 to 10/10 except near 
the pack ice edge, where the amount was 1/10 
or less. 
Off Prince Olav Coast ( 40°E) and Riiser­
Larsen Peninsula (32 °E), crack, leads or other 
open water were often observed in the ice 
fields. 
Predominant ice type was the hummocked 
winter ice one or two meters thick, among 
which there existed weathered ice floes of three 
meters or more in thickness, seemingly polar 
ice. 
The surface of ice was almost covered with 
snow 30 to 45 cm deep except for snow-drifts 
caused by blizzards. Sometimes puddles could 
be seen on the surface of the ice floe. 
The ice ridges rose SO cm or one meter above 
the general level of the surface before the 
blizzards during the first decade of January, 
but after the blizzards they grew up to one or 
two meters. 
Water sky and ice blink were often observed. 
3) Measurement of ice drift by wind 
While drifting with the ice, the velocity and 
the direction of the ice drift could be measured 
by transition of ship's position. The position 
of the ship was determined by astronomical 
observation and radar measurement of the 
relative movement of the ship to the stranded 
icebergs (Fig. 3 shows the seeming relative 
movements of the stranded icebergs to the ship 
during 28 and 31, Jan.). 
The results obtained and the mean velocity 
and direction of wind at that period are shown 
in Table 2. 
From the above data the characteristics of ice 
drift can be considered. The mean deflection 
of ice drift to the wind direction is 17 ° . The 
deflections varied according to movement of the 
ship's position. The minima of deflection ap­
peared when the ship was off the east coast of 
the m�uth of Liitzow-Holm Bay (40 °E) and 
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off Riiser-Larsen Peninsula (32 °E). It seems to 
indicate that the drift current is strongly in­
fluenced by obstructions such as shore line or 
fast ice. 
As to the relationship between wind velocity 
CV) and drift velocity ( v), the following 
equation can be obtained from Fig. 4. 
v (knot)=0. 049 V (m/sec) 
Using the same unit, C (v/V) which denotes 
the characteristics of ice drift is O. 025. 
The variation of C as well as the variation 
of the deflection of ice drift indicates the dis­
turbance of shore line or fast ice to ice drift 
(Fig. 5). 
4) Measurement of thickness of ice floe 
by boring The boring of ice floe near the 
ship was carried out with the aid of mechanical 
engineers. The boring holes were set in a line 
at a distance of every two meters on the star­
board in direction of 45° to the bow. A 
measuring line was SO meters. The first hole 
was set one meter off the side of the ship. 
The height of the ice above the sea level was 
determined by levelling. Fig. 6 shows the result 
of boring. It was examined at what extent 
the sea ice attains its equilibrium isostatically. 
If the height of the ice above the sea level 
and the depth of the ice under the sea level 
are /ex) and <pcx) respectively, the total thick­
ness of ice is then /ex) +<pcx) (x is the distance 
from the origin.). Assuming the density of 
ice being uniform, the following equation can 
be obtained : 
{ 
pi: mean specific weight of ice 
} pw : specific weight of sea water 
/3: coefficient 
When the ice is m isostatic equilibrium, f3 
is zero. Therefore, /3 denotes whether the iso­
stasy comes into existence or not. Taking pw 
for one, the following equation can be led from 
equation (1): 
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pis:u(x) + <pcx)}dx- s:<p(x)dx 
/3- -- · ------ ·��-·-·�--� .... (2) 
s:<p(x)dx 
When x-=, the isostatic equilibrium comes 
into existence naturally, namely, (3 is zero. 




pi · · · · · · · · (3) s:= {/(X) + <pcx) }dx 
pi can be calculated from equation (3). But x 
is not sufficiently large for the calculation of 
pi. Therefore, we consider approximately the 
extension of the isostatic equilibrium from the 
variations, pi and (3. 
Table 3, Figs. 7 and 8 show the variations, 
pi and (3. (3 varies decaying regularly accord­
ing as x increases. It may be deduced that its 
amplitude approaches to zero where x is about 
70 meters. So the isostatic equilibrium may 
come into existence within the extension of 60 
or 70 meters. 
The pack ice in which the ship was ice-locked 
was 3. 9 meters in mean thickness, and the ice 
being very hummocked, the isostasy of ice did 
not exist within the extension of SO meters. 
5) Observation of the motion of ice floes 
The inclinations of ice floe around the ship 
were observed several times from 22 nd to 24th 
of January. The position of the ship at that 
The rolling is considered to be caused by the 
surface wave commg into ice field from the 
ocean. 
Fig. 10 was made by plotting the maxima 
and minima of observed inclination values and 
joining each point so as to indicate a simple 
harmonic motion. Wave period obtained, T, 
is 20 seconds. 
The wave can be represented as 
y=Asin 2n(f- �), · · · · · · · · · ·(4) 
where T is the wave period, A denotes the 
amplitude, L is the wave length, and x 1s 
taken in the direction of wave propagation. 
As the swell is the surface wave, the period 
T is expressed as 
T=J2nL .. ..... .. . . .. . ..... ·(S) 
g ' 
where g is the acceleration of gravity. If the 
observed inclination of the rolling is (}, 
tan (} = _!!_J!__ · · · · · · · • • • · • · · · · · · · · (6) 
dx 
From the equations (4) and (6), we obtain 
tan(}= -
21 cos 2n(� - �). 
Using Om for the maximum inclination, 
A=\-� tanOml ·. o.7 cm, 
for (} m = 1 S" (estimated gra phi call y from Fig. 
10) and L=600 m (calculated from the equation 
time was about 30km south from the ice (S)). 
edge. 
The observation was carried out by using a 
method which consists in recording the period 
and the rolling of the ship to the ice floe at 
a sufficient distance from the ship with a Wild 
theodolite (Fig. 9). 
In conclusion, the oscillation to be considered 
due to the swell conveyed 30 km into ice field 
from the ocean had decayed, and the wave 
amplitude and the wave period were chiefly 
less than one cm and 20 seconds, respectively. 
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Fig. 1. The track chart of the "SoYA" during December 1957 
and February 1958. 
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Fig. 2 (A). Ice Chart from Dec. 20 to Dec. 21, 1957. 
906/22: Ship's position 
0600 ship time, Dec. 22, 1957 
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4/10: Small and medium floes 
1/10 : Large floes 
Thickness in meter 
Height of ridge in meter 
Snow cover in meter 
Age (W: winter ice; Pl: polar ice) 
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Fig. 2 (B). Ice Chart from Dec. 22, 1957 
















Fig. 2 (C). Ice Chart from Jan. 6 







Fig. 2 (D). Ice ,Chart from Feb. 7 to Feb. 14, 1958. 
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Table 2. Relation between wind and drift .  
C :  drift velocity/wind velocity 
II nr IV 
Wind Drift Deflection 
mean mean 
velocity direction 
5 . 2 m/s 96 ° 
3 . 4  81 
2 . 4  85 
2 . 1  250 
4 . 0  76 
1 . 2 81 
7 . 8  75 
1 . 2  26 
0 . 7  88 
4 . 3  55 
9 . 8  68 
4 . 1  272 
4 . 4  92 
3 . 7  108 
3 . 2  99 
5 . 5  93 
7 . 0  1 1 8  
6 . 4  102 
6 . 8  107 
3 . 5  1 1 3  
5 . 8  85 
8 . 3  96 
9 . 0  103 
1 5 . 9  71 
1 2 . 8  87 
1 3 . 9  90 
(A ) 
velocity 
0 . 23knot 
0 . 16 
0 .05 
0 . 05 
0 . 1 1  
0 . 1 3 
0 . 23 
0 . 23 
0 . 08 
0 . 09 
0 . 33 
0 . 01 
0 . 61 
0 . 14 
0 . 12 
0 . 18 
0 . 43 
0 . 22 
0 . 43 
0 . 24 
0 . 28 
0 . 35 
0 . 54 
0 . 52 
0 . 58 






245° 3 1  
256 5 
267 - 2  
335 94 
346 - 90 
212 49 
233 22 
233 - 27 
301 - 133 
256 - 21 
253 - 5  
21 71 
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0 .01 1 
-
-
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0 . 01 5  
0 . 096 
-
0 . 01 5  
0 . 017  
-
0 . 018  
0 . 019 
0 . 019 
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0 . 031 
0 . 017 
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0 . 040 
0 . 024 
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0 . 030 
0 . 017 
0 . 026 
0 . 031 
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Wind velocity -� 
s O �-��---�------�--





1'TH � (A) JITR;iili t J_k O) �iTfUfil t O) IMJ{f: (B) �i1il:O),®ifcq t Jffil iaf t O) IMJ{l 
b. (;I: filtl fI� ± 50° Jj J:: 0) ±_ffe.; -� 2'.' ffe "9 · 
Fig . 4 (A) . Graph showing drift velocity increasing with wind velocity. 
(B) . Graph showing the variation of deflection angle of ice drift. 
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24 26 28 JO I J 5 7 9 / /  /J !5 1 7  19 ZI 23 25 27 29 31 
Dec. Jan.  
1n 5 � J: : C-curve, C (1) B r: J: 0 �1t 
r :  iffiif:T3 (1) r n: J: 0 �1t 
Fig. 5. Upper : C-curve showing the variation of C during Dec. 24, 
1957 and Jan. 31,  1958. 
Lower : Graph showing the variation of deflection angle 
during Dec. 1957, and Jan. 1958. 
31 
J: 5 �=, Jffi\jf 4 m/sec tLJ::�:::::Jtt" 0 ,#, 2:&tti c:*aA.,f!. ].lffi.jfg 4 m/sec tJT�iffiTxttO)�!l < {ffiifij 
O) �f G 0 � 11\::k � v ,0) c:, ::. ::. c: U: plot t" 0 O)��= c c· o6 t v ,  0. � t, &lt]H;:t13)3 G 11, �::::: ,  
B �= J: 0t{ffii;fiJ11i�0t-: ::. c 2:ffi L, t v ' 0 ,  -t t.J: v ij  12 J=J rl) 5 ij �;:t-OffijlH;:t 20-4 0° O)F1c1i�::::: cb 
0/_:lii ,  l )=J O)LJ: t o0 11, G 13 B � i c: �i-OffiftIHi�j,' l, , � O)fJ]lU: t.J: 0 t v ' 0 .  l )=J  15 B �  
7)\ G 25 B � i c: �;:tfl}cfIEO)::fYlf1H::::::it::k L, , 25 B 11, G 29 9 1� i -C: �::::::pfcf�j, L, t v '  0 .  ::. 0) 
B ft �iAAlitJJ'81 J: 1'.J �0  c ,  1 J=J tJJ1sJO)ffi/H::t Prince Olav yfijiip� .:1& 5 tim:n t v , t-:mt:1.kn1, 
Liitzow-Holm r,-nj0)5Enif1.k�::::: 0 �  cbt-: 1'.J , -t O)fitL 0 :1Yrhl 2: ��=::k� < �;Z. 0J=,r�:::::,t§� L, t v '  
. 0 .  i t-: 1 J=J 25 B 1) \  G 30 B ��:::::IJi!hn 0 ffi/H::t,  111.klii Riiser-Larsen -*-m1J1E:rllli 2:lffl� 
t" 0 m�:::::,t§�  L, "(_" \., '  0 .  jilij;j:ii;i/J, c t, ?!Ui?J1JE�1.kcb 0 \., , �::t Fi:ft!! �= J: 0t¥J{;Z. G tL t-: c � ;Z. G 
it 0 .  
::. O) J:  5 1.J:�5.JIJf.J:�mtJj�c: �i ,  .t;J: -=c 20-4 0° , t"f.J: :bij�:l'.S) L, t 30° WT1&0)Wii fiJ 2: ffi  
L ,  1& iip�O)�:$:�t!o/]0):/FJIJ.?Ji � j:  C A.,  c· /.J:\., ,�fl.� C: Jifi\ �= J: 0 t m[  � n t-: C � ;Z_ t J: \., ' 0)  C: � ;:t  /,J: \., '  
ii) J!Uic�mf(l)i111[(1)�1* m 4 � (A) �= . Jffi\JIB c iW01JIBJ5r0)�1* 2: ffi L, /_: .  �fijO) ,#, 
�;:t{ffiifij 7J1�:l'.S){ffiifij 7] \  G + 50° t)l:�= /,J: 0-C.-'  m�= J: G imim: C :� ,Z �= < \., ' 0) C:' ::. ;h�O) ,#, 4 if 
�;:t ::. nli,  G fif.J: 5 *1cHIY-Jjlj,l1f!?J, G �::t�v ' f� .  � t 1 § � 0 c ,  Jffi\i.i c tNilim c O) rai�::::: 2 tXEtf:lti 
O)l'fflf;f-?Jicfi) 1'.J -t 5 f.J:O) c: 
v = a + b V + cV2 · • · · · • • • · • · • • • · · · • • • • • • · • • · • ( 1 )  
(v : ili jf (knot) , V: Jffi\ifil Cm/sec), a, b ,  c :  1*�J 
O):r.\'.;C:: 0 � ,  ft/J,.=:*t!�::::: J: 1'.J '.frf*� a, b, c 2:3:ftol) t�t-: . 
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a = - 0. 00 45 + 0. 0 7  
b = + 0. 0 49 + 0. 02 5  
C = - 0. 000 30 
(474) [i$it��i4 
a t c t t t t=�1::1rn::/J \  2' fJ:-ilJ.. t fl:_ fJ ,  m 2 �t=ffi -t Jffi\jf t �ifit:jfO)M1?JHi i1f.rl c*t1H!h, L 
n·  t -=t 0) uHtJa»If ,i#, � illi 0 t ;1g k -c J: " , ::. t 1Jq'Jn •0ts:. -t tJ:- :b t::> filu�O)M1lvt 
v = (0. 0 49+0. 02 5) V· · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 2 )  
c*tH!h0. ::. ::. c data O)f! G 0 � 1J1j( � 1., , 0) c'fi(M.tJ:- ::. t f;J:1., , ;t. fJ:-v'ni ,  1'm)IB}Jtvt ,  Jffi\ 
:ifiln, o i::tJ:- 0ts: t � vi o i::tJ:- fJ ,  -4-ic1tt/lil;IY�t=�·;Z_ Gh-Cv'ts: J: 5 i:: ,  JffillJ,tJ:- < t t ,  &J0 
v, vi� 0) 1f [A] t::Jtru./J ,n,yz1., , -C t ,  5�U � t::iWUJir-t 0 t v, 5 tltl�Hi, ::. 0) data n•  G viir.JUitB'-Jt:: a 
1i GhtJ:-v'. t t::> 7=:> �  Lutzow-Holm fi�1tJLi:O)Jffi\f;J: ,  5tit f:J O)�im:��::. -t:n�u i:: vi  t 1-t., t" 
1t n= �" , -Cv, 0 0) c ,  1lt v:: 1zsns1 � O)iJifit:IJ, &J 0 t � ;Z_ -c J: ",. tJ:-i3', iJir)kO)imhv:: vt1tim: t * 
1., , i::M1l L-Cv'0 t �;Z -c J: 1., , !J i , *BO) beset 2' hts:iJir)](O)iJJEh/J• G vt ,  izs[A] � 0)5E11tB'-ltfrJ 
im t:: 0v , -c t ,  0. 0 7  knot fllfJ§tJ;JJ:: 0) t 0) O){ftfli probable c' fJ:-v' t v' 5 :-_ t t:: fl:-0. 
2' -c, �irnHfil.Jfil i::;:rt-t 0 iJimJfilJ§tO)Jt, -t tJ:- b t::> C= ; � >lto1') -C�1JJEO)t'!tf  t -t 0 /J ,, -4-@ 
O)�,§;- f;J:  
C = 0. 0 49(knot / __!!!_) = 0. 02 5 (ll=i'J1¥-1:v:) 
1 sec 
t tJ:-0. 
:::ltfilJ!W:=.O)�i;-2) 0. 02 Hfj{&0)11t� >lt o6 -Cv, 0 IJ,j(1$ -=th t �ix L -Cv, 0. 
m 2 *m 5 1W]v:: C � ffi L ts:. ,f,!mfiEJt:: ----Jv ' -CfitJ:- -'.Jts: t ll=i'ltlv::,  B t:: J: 0 C 0)�1t � *1 5 � t:: 
.=: fiEJ E:[J � t 0 -C ffi L ts:. ,1ffi\ J£ 4 m/ sec tLr. 0) t 0) 0) ,¢!, � � f* c' *ili � c' &J 0 . ::. 0) � � Jl 0 .t , 
1 }I 20 B _l;JTJiH::J:t� -C J;J{&vi C 0)111[/J,��i v:: -\0 -\07( � < fJ: ----J -Cv \ 0. fJ: .i5ifnifiEJ 0) 7�:'}-- L ts: 1 
}§ J::li=G .i5 J: cf Riiser-Larsen ¥,,!t,:jfilJfilj@r O)f\r�t= L:l: ,  HiH&v: J:t � -C C  IJ1 i�:'}-- L -C v, -C ifi1:fiT1 0)±�,g-
4 .  Hummocky pack ice (JJ isostasy CJ Fn� ID'! 
1 JHJJtun· G *BO) beset L ts:iJ'iUkti ,  j()](�O)%c 1 R T!\=a i c ,  :1� �J::vl t � ��1t7.1, 
h t o6 GhfJ:v'ii51f/'.,.�im: Lts:.  11§ 22 B i7d::i 2 3  BKn , vt -C ,  ::.O)j()j(�O)f:reJO)� 
2' � >lto6 0 ----J t f:J c ,  ttlUJ�flEO) r,i:,::J'JO) t t v:: ,  F' 1J ; t,,  � J:H v, -C %-tL L ,  Jif 2' �1JIIJ5E L ts:. -=t 0) 
�mvt*B0)7blt{WJ , Mfrtr!O)Tn, G :;(iT'iii:n 45° 0)1f[G1r: 50 m O)JJ!IJtm � t fJ ,  Ji1.t{rt1J n • G 1 m 
O)mv::m 1 O).JL � &J vt, -=th J: f:J 2 m  Fa1�lf.H::*.JL L--C� 2' � 1JliJ5E Lts:. �t5(0))j(O)Tf: )j(O) 
� 77i  cb IJ , 2' G r: -=t 0) T v:=}](,MIJ, &> 0 ::. c::: IJ,�k &> 0 0) c , drill vift: 2' 7 m i --CM€if&E L, T 
:nt:=)j(�7.1ifJ:v <�J � 11 f�:lf t::fiff/J ,iY)  ts:. � 2' O)t/li[f t ;t  5 cm , 1f1J:7J<. iFr J::, )]('1!:#:0)� mI 0) r®i 2' Ltfffi 
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.ijitJ: levelling 2:'.' �1J� L t:. % 6 �H= drill O)la!* 2:'.' �ffit-0. 1](0)Jil!!Jij(O) Bti?i�;t drill t-0 
fl¥ 0) -¥ fit .;z_ v = J: --=> ts.:: 5E 1lti: i¥J t J: t 0) -C cfJ 0 . 
� -C :hiJ� 0 J: 3 i=, °}j(O) F139f=1j(O) Ji iJ;A I:? 2:. lu -C \., '  0 i=9riJ12fJ 0 771, 2:. hLLI:: �i0)1JO;t� < , 
T$0)1j(fi l� !:J 0) 1](t;t!.O)T$771 ram t,l(v=A !:J 2:. /u -C \.,, 0 t 0) t �-;t G h0. 
1J{IJ5E O)*a* 2::' m 3 �lH=1Rt-. m 3 1Wlfi)�7j(Irrf _r.O)jw.j � !ex) (JJJL12,iJ� G O) Jj!ejfJft X i= J: 0 ��) 
2:'.' ffit-. 1�1J<.rnrf 0)1.}(0)� � fi !PJ t  < ffi4 1-lli= ¢ eX) -c ffi-t. 2:. 0)�/1.kO)W � U1](0) Ji 2:'.'�\.,, 









7 12  
8 14 
9 1 6  
1 0  1 8  
1 1  20 
12  22 
1 3  24 
14 26 
15 28 
1 6  30 
1 7  32 








X ;  
fex) : 
<pex) : 
f(X) + <p ex) : 
pi : 
/3 :  
Table 3 .  
-
f ex) <pex) Jex) + <pex) 
so 460 510 
25 220 245 
10  200 210 
35  360 395 
1 5  405 420 
so 400 450 
40 300 340 
50 380 430 
so 280 330 
65 335 400 
55 335 390 
50 220 270 
40 280 320 
1 5  460 475 
0 550 550 
5 500 505 
1 5  560 575 
so 420 470 
1 10 365 475 
70 320 390 
65 275 340 
10  385 395 
1 5  340 325 
0 275 275 
45 200 245 
---
pi 
0 . 918  
0 . 901  
0 . 912  
0 . 912  
0 . 924 
0 . 917  
0 . 9 12  
0 . 908 
0 . 902 
0 . 896 
0 . 892 
0 . 887 
0 . 886 
0 . 894 
0 . 904 
0 . 910 
0 . 91 6  
0 . 91 5  
0 . 906 
0 . 902 
0 . 898 
0 . 902 
0 . 907 
0 . 909 





6 . 5  
. 907) f3(pi= 0 . 904) 
x 10- 3 2 . 1 x 10- 3 
I 
7 . 4 
- 5 . 7 
- 4 . 8  
- 17 . 6  
- 10 . 8  
- 6 . 0  
- 1 .  5 
5 . 0  
1 1 .  9 
1 6 . 9  
22 . 3  
23 . 2  
1 4 . 7  
3 . 3  
- 4 . 6  
- 10 . 3  
- 8 . 3  
1 . 1  
5 . 7  
9 . 8  
5 . 6  
0 . 4  
- 2 . 5  
0 . 0  
4 . 5  
- 9 . 1  
- 8 . 9  
- 21 . 9  
- 14 . 2  
- 9 . 4  
- 4 . 3  
1 . 5 
9 . 6  
1 3 . 6  
1 9 . 0  
1 9 . 9  
1 1 . 2  
- 0 . 2  
- 7 . 7  
2 . 6  
3 . 2  
- 2 . 1  
2 . 5  
6 . 6  
2 . 8  
- 2 . 8  
- 5 . 9  
- 3 . 3  
Horizontal distance from origin (m). Origin is the first hole. 
Height above the sea level (cm) 
Depth under the sea level (cm) 
Ice thickness (cm) 
Mean density of ice 
Coefficient 
� -c , 2:. 0) J:  3 v= hummock Lt-::1.ki/lta,  ,J , � 1.: ,ffifjO)ffi8 l±H r3 -C �;t ,  §l m:t�tJiJ1i�i?i--=> 
--C \., '0 t f;t �N G fJ:\., '. t- tJ: :h i:>  isostasy 771)Jx;ft--=:> -C \., '0 t f;tl7� � G fJ: \., '. 1§� JZ1..,,if'tH1fil 2:'.' t 
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h tf isostasy tiJJx.l'r.,,:::n:· i_, , 0 i i -f c\b 0 7J ,  G ,  lJltf:;1J<.� 2:' t.fflJ5E l tdJOi,  ('. O)fj£ 0)Z � c' 
isostasy 1J;}Jx.l'r.")--C \., , 0 1J,LJtPJR l t h J:  '5 .  
-4'-, .1.KLt c:· 0) $51- t � mJ i � 5E c: �-:t. 0 .  JJ¥f ,#, 7J ,  G x 0) !EelfJi r= ;f-5/1 0 .1.KW t ;t f ( X )  + 'f' (X) c: tJ:. 
0 1J, G , tJZ O) xt:: 2'.'�:t. J:: 5 .  
Pii)fcX) + 'f' cx>}dx = (1 + S) i:�cx>dx . .  · . .  · · · · · · · · · · . .  · ( 1 )  
{ 





J:t!i C 1 c: ;f-5 < )  
s . 1* � 
JJJf,#jJ, G x i --z: 0) w III'! c' isostasy /J { JJx.l'r. ") t 1,,, , ht  f S = 0 c: tcr. 0 . ") i 1? S ti isostasy 
/J{]Jx.l'r. l ""( \., , 0 ,7j,1)7]\ 3::'�'9'f*�yJ: tcr. 0 .  
(1) :i{ � �% l t 
Pw = 1 
. . . . . . . . . . . . . . . . . . .  ( 2 ) 
['°cp (X)dx 
Pi = X • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  ( 3 ) 
L00{fc:n + 'f'<x> }dx 
") i  1? S:. O)xt:;n, G Pi /J 1>lt&') G h 0 .  l n, l-4'-@Hi x=48 rn i c  l /J, 1.fflJ5E ltcr.b,")f.:_ O) c , 
x 0)+51--* � tcr.1iti:Jf-t 0 Pi ni>Jt&'_) s n tcr. 1,,,  , .  Ln,  L x n1 11�� i=m-*-t 0 i=  "'Jh -c , C3) J:: 1; 




0.900 - • 
O.B90 
0.880 -





Fig. 7 .  picx>-curve showing the variation of pi according to the increasing of x. 
36 (478) [rlHI�t+ 
v : H v�JiJ:v ' t (!) c: &) 0 7) \  c 5 iJ \::k1*� 0 =- t iJ) c: e 0 vit'c: &) 0 .  � --c =- (!) ct 5 tJ:� � (!) t t 
v: x (!) :Jffnnv::Jt-t 0 Pi (!) J£1t 2'.' $  7 � r= �  LJ:. 
tXm v:: Pi (!) �rfHii� t ,  x = 48 m c: a pi = 0. 907 t tJ: 0 .  � G f:: p -curve iJ \ G x-wo 
(!)�vi 0. 904 1:=jfi:v ,{fiv=�� i 0 1f:Jir�iJ{d:J- � h 0 .  x=48 m i c: c: a  pi = 0. 907 c: &) o (!) c, 
i t' l!irJJf-'= pi = 0. 907 t L--C,  mJJltt (!) P (!)J£1t (x (!) :lf7JJ1J v-'=J°fT 0 )  '2:' Rml� --C d:J- J: 5 .  m s  
�i=�-ttm < x (!) ,J , � v ,1[[1::Jt L --c vi ,  a iJ)::k e < J£1b L isostasy aJJJtft L --C v  , tJ: v  , .  L iJ\ 
X ( m )  
m 8 � /3-curve, /3 (]) X C:. J: 0 �1t 2'.' lF T .  
Fig. 8. /3-curve showing the variation of /3 according to the variation of X. 
L x=40 m &) f.: l�H:fi < t ,  /3 (!) �lt, (!)�rj] fi::k%� t ,  isostasy (!)Jjjtftf-'=JiJ:�v ' --C v ' o =. 
t iJ {biJ\ 0 .  :::. (!)tJ{IJ5Ea-f--%:Rv 'tJIJt� 2'.' t 0 --CfftJ: 5 :::_ !::: 2'.' L tJ: iJ \0f-:_ (!) c: ,  X (!)-f-'%::k e v '  
1111 0: ;tf L --C , P iJ i c (!) fl£ J§r (!) � rt1 '2:' t 0 --C � 0 --C f9) < iJ \ Tit iJ \ Y> 0 =. t iJ i --r:. e tJ: iJ \ 0 ts:. . 
{Xv:: ri = 0. 904 t i_, --c a tf:' :1te0 --c d:J-t-:. . WJllti--r:.*tA. J: E1+1t� a � h --r:. &) 0 iJ;;, a (!) �1t(!)11Ji 
$ H i  pi = O. 907 (!):IJJJiit t �v ' vi tJ: v ' . 
a fi  X (!):itJJIJf:'.: 0h�(!) J: 5 f-".:jIJ=llJl¥)v::�� L, 0 0�1t-t 0 7) \  G ,  x=48 m J: I) � e '  X 
= 70 m (!) &) t-:. l'.J --r:. fi�rf1 vi O f-".:JO:� < t �f* L --c J: � � '5 --r:. &) 0 .  -t tJ: b t::>  60-70 m (!)i[;jl 
lffi 2'.' t h f:! isostasy iJ{ffltft L --C v '  0 t � ;t --C J:  � � 5 c: &) 0 .  LiJ \  UJIJtliJ 1i_E iJ\iJ \0t-:. =. t ,  
JllJ5E11tln{ l 0 C'. &) 0  =. t iJ \ G i(ft72:Et-JtJ: =. t viv , ;t tJ: v ' . 
m��(!) lijf�3) r: J: 0 t '  :t * - ';/ 7 tW: C'. w. � 12-18 cm (!) hummocky ice C'. f i ,  5 m TJIJ 
Ht (!) frg lffi '2:' t h f:! isostasy 77{ffltftT 0 t \t '  5 =. t c: &> 0 771, 1¥H�ff(!)3Zll < � < � L < hum­
mock L --C v ' 0 1.Kc: vi ,  50 m jfi:v ,ff!8 !ffi c: t  isostasy fi*t--=:Jt�v:: vi ffltfl:0 --c v , fJ: v ' C: v ' J  
=. t i7 )biJ\0t-:.. 
fJ:.:tc;-, 1.K� fcx) +Cf) un (!) 3:pts)f i  3. 89 m t fJ: 0 . 
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1 J=J 23 B iJ, G �@J, Wild k:U�1� 2:' ffl v ' l*�1,JJlI:0)7j(�IO) 1�#4WV.!liJ 2:'fifJ:0f_:. tiitvi 
� 9 '2{1 v-=:ffe-t iJ\, v:t t o6  Wild -c+%:i!tfO)�l:JijtJ: Ei t�lf{ vs:+'.fr�2:' ii'-h-tt 0 .  5 b vJ O) t-: o6 v-=: 
;1](�iJ\ i t! vt f�#4 t.J-=�ii'-vi, El tfH=a: El -t 0 t.: o6 v-: vi i t:.vt Wild O)ifi@lff.J 2:'fr�iE LtJ:vtn 
vifJ: GfJ: V ' ·  5 b v) v s:  .J: 0 l § tl t J: T ;@Jt/ 2:' -t 0 i'J), § � J: C ffiltliJ\+5tx 2' < t 0--c a, v) '  
i iJ\ ,J , � v ' O) ctJ!IJJE1[l[v-=: v i � 0):/tJ-IHiA G fJ: v '. 
i.!llJJE L --c 7-;. 0 t ,  ffiilJO):iRJUtl:liJ;  Wild Theoao/itc 
20 tP�5J -c�:1tiJL !!iI < ,  'lxk t ;§Rx t 
ffi, J '  0) ff.I 2:' �t d;/,l[x 0 l :fi < t!. V17J \t/11 
�;f;f -c a, 0 t-:.  tJ!UJE*a* 2:' ;,� -t � 
10 � v-=: vi -l O)ffif[i[ 2:' plot L, a, t 
v:l:1*'!.*tffiibv-=: tJ: 0  .J: 3 v-=::e-,#,O)FdJ 2:' 
Fig. 9 .  Measurement of  inclination of ice floes 
with Wild theodolite. 
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Fig. 10 .  Graph showing the motion of ice floe resulting from 
the measurement of inclination of ice floe. 
10 
Ji' 
ft¥it40)�1tvi.± t L --C :iEl!Wi.7; 20 fyftjfl:O) t 0) ca, vJ ,  1*'J.�J'.J"Jffimll 2:' -t  0 � t iJ, G ,  3 b vJ 
1.7;1Kw.v-=:A.0t 2" ti3 �  � n 0  t �.:z., tJT�1*'!.tJ:��2:' L -Z:: 7-;. 0 .  
3 b vJ O)tBllf� t L --c 
f T :  A :  
'l L :  x :  
y = A sin 2n-( � - I) · · · · · · · · · · · · · · · · · · · · · · · · · · C 4 ) 
3 b vJ O):iE!];M 
ffi rfJ 
itz � 
m 11 '2{JO)f<'IJ < 1B(O)J!1'Jtifl:UvS: a: � t 0 · 
38 
tJ:�, 5 b tJ vi:m:h1Jtt JiJ 0 h; G 4 )  
I �� � 
� 7 -  , x  
ZH 1 1  � 
Fig. 1 1 .  
T = J?-fl (g :  :mj1im.ifilBt) · · · · · · · · · · · · · · · · · · C 5 )  
0)�1!M; &:> 0 .  
�' m 11 � O)YO < -ttUf y -curve O)t)Jf�Jt 
dy - = tan {} · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ( 6 ) 
dx 
2nA ( t  x ') . ·. tan {} = - � L- cos 2n T - L 
2nA tan tl,n = - L 
-::. O)�J L ti: ( 6) rt e: T= 20 sec � 1i:A L, t*19 600 m l: {� G h 0 0) � ffi v ' , Orn l: L, t vi 
m 6 � h; G O 0) mck1l 15" � ffl v ,  t-.= . 
tJJ:jdfO) order l: L, t 1 J=j 22 -24 B l�ffHiJiili!JfJJ 20 tHfilJ5tO)y)t:L� 600 m flLO) 5 b t'.) k', 
±. l:  L, t1.kitv:A-'J t v , t, -t O)�r\1 <b � cm .L;LT l: v '  5 jrfrn: ,J ,fJ: v ' <0 O) c'JiJ-'Jt-.: .  5 b tJ 
v:::. cl: t'.) 7](�JJ)�Jctll L,, 1iJJlJ� � h 0 C l: 7J; Ji) 0 7J; ,  C 0) ffill5t0) 1 J '  � \., '  5 b t'.) JJ;1](!ifil � i'i!Jltili T 0 l: 
vi�*- G h fJ: v ' · C 0) � W}vil.kri i -C vU19 30 km Ji) -'J  t-.=. 
� t, 1i(B-f1jfr0),1j(ffiU: t]!jJ 1JliJJE/J; Worden gravimeter v: J: t'.) fitd'Jht-.=iJ ;, 1.kfMO) 
5 b tJ v=. J: 0 g 0) 2£1t vi  (4) rt;� t c 2 @.J fJllJ6,· Lt ,  
.. ( 2n  )2A . 2 f t X }  A 
Y 
= - T sm n l T - L = LJg 
L1g = 70 mgal l: fJ: 0 .  
m 6 �/);  G :b h ;  0 J: 5 r:::. , JiJ � n� t= v:t�+tYF�� v: :b t-.: tJ 5 b tJ O) � r!J 1) \�r 'Hn=,J ,  � < fJ: 0 _:_ 
l: h� JiJ 0 0) c ,  -i- 0)� � b G -'Jt![jJ tJliJJE/J \c  2' 0 :bvt c, �ijH= :m:hf!lHi1.lliJJE 2:'.'.:f-JtJ: -'Jf_:. 
No. 8. 1 959] ( 481)  39 
6 .  Mi 
1) t�B-O))j(i�fil)tfi 1=p� J:: U beset t=j=i t:: �vt 0 *B-f11i:O))j(ifto!�IJ 2:'fi fJ:"'Jf_: . -t0)*-if* 2:' 
� 2 � t::ffi L, f_: . 
v (knot) = 0. 049 x V (m/sec) 
O):it-C *h �h 0 itHJltf£Hf /JlfJ.X:.ft"'J C t 2:' ffi L, f_:. v/ V O)J:Ut l�J t m/sec l:ii1ll 2:' ffl v 'hvt', 
0. 025 t f J: 0 . 
ilm\:JJ fr:O 0) JITMJ:1117) G O){/fli firH;t,  +:It. rt 0 t 17° t fJ: fJ , i�l im t::Jt-t 0 t0 WO) {%�·0)5$v , C t 
17 \ h 7} )  "'J f_: . 
fJ: �, i�Um:-t 0±JJ.;mt:: J: fJ ,  t0W&> 0 t., , �tJEJ�)j(O)Jl0):1;%!1-IJ\iFmf� �  J:: U v/ V ltO)�!J!JJ t 
fJ: "'J --C fJlhh --C v '  0 C t 2:' ffi l, f_:. 
3) boring O)*-if*, *-fr !}\ beset 2' h t_:)j(ffit t;t,  +�JO)Jl¥: 2' 3. 9 m t hlJ ) "'Jf_: .  -t L, --C 
� L, < hummock L, --C v '  0 t-= ?/) t:: ,  ,J ,ruJ;fJO) i!lli flf! t �i isostasy tit.,,x;.ft"'J --C v , fJ: v '  L,, 11£ 
50 m f:v.O)ijlli[lt1 t t ���= isostasy 1.JlfJX:.ft"'J --C v ' 0  t �;t t., , �. fJ: !}) "'Jf_: .  !P':5111£ 60-- 70 m r:. 
fJ".. "'J --C isostasy 17\t.,,x;.ft"'J--C < 0 O) -C �i &> 0  i v ' n) .  
4) l fa.l  22-- 24 B g.1{, )j(ffih) G 30 km ��::1:v:fiU"t 0 *1� 0)1'JJlr-C �i, f!l/J) G A 0  3 b fJ  
�= J:: 0 t ;1g ;t G h 0 �JJ., �;t�f�·nn::�-$t L --c � fJ ,  ± t L --c ;il,1il;J:ill 20 t:HEir, :fJJ{ rl1 1 cm f_: G -f 
0) t 0) t &> 0 c t  17\, JJ(M 0) 1�i4WVJ!IJl7) G tf.EJE 2' h t_:. 
5) P) J: O)lfltJ!IJtJ!IJJEvHJ(�WVJ!IJ:81Effel� J: u��:81E�t= J:: "'J -c q:ytJ: h h t-= t 0) -"(  &> 0 .  c c  r= 
� < �tL 2:' $ L J:vf 0 .  tJ".. t-J c O)iJi�IJt-3 J:: UJ!IJJEti,  "1t n::j]( EB�f=RO)�t�� t �.iff¥tt:: � 3 m 
hiJp,/7) -'Jf_: C  t 2:' !c L, , C C  t::}1JI < iff11tL $ LJ:vf 0 . 
1 )  H. H. 3y60B : Jh)lhl ApKTHKH. 266. 
2) n,H� 
3) 1�'l;!�m . oo * = 1�r�H¥, m s �- 59. 
4) H. V. Sverdrup, M. W. Johnson and R. H. Fleming : The Oceans (1954) 525. 
